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* NOTICES * 

Japan Patent Office is not responsible for any damages caused by the use of this 
translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] Electromotive power-steering equipment characterized by for said 
rack-and-pinion type movement translator having rolled, and being a formula 
rack-and-pinion movement translator, and inserting an elastic body in electromotive 
power-steering equipment equipped with the rack-and-pinion type movement translator 
which changes rotation of a helm into rectilinear motion by engagement of a pinion 
shaft and a rack shaft, and the motor with which the control force of the helm by the 
operator is assisted into the device path from said pinion shaft to the output shaft of 
said motor. 

[Claim 2] Electromotive power-steering equipment according to claim 1 characterized 
by being power steering of the column type with which it has the joint which connects 
the revolving shaft of said helm, and the pinion shaft of said rack-and-pinion type 
movement translator, and the moderation device of said motor and the motor concerned 
is arranged between said joint and said helms. 

[Claim 3] Electromotive power-steering equipment according to claim 1 characterized 
by being power steering of the pinion type with which it has the joint which connects the 
revolving shaft of said helm, and the pinion shaft of said rack-and-pinion type 
movement translator, and the moderation device of said motor and the motor concerned 
is arranged between said joint and the pinion shaft of said rack-and-pinion type 
movement translator. 

[Claim 4] Said elastic body is electromotive power-steering equipment according to 
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claim 1 to 3 characterized by being inserted into the device path from the output shaft of 
said motor to the moderation device of the motor concerned. 

[Claim 5] Said elastic body is electromotive power-steering equipment according to 
claim 2 characterized by being inserted into the device of said joint. 

[Claim 6] The electromotive power-steering equipment according to claim 1 to 5 carry 
out having the control means which controls the motor concerned based on the current 
control value calculated from the steering auxiliary command value calculated with the 
operation means based on the steering torque generated in the revolving shaft of a helm, 
and the current value of said motor, and an auxiliary operation means differentiate the 
signal of said steering torque and add to said steering auxiliary command value as the 
description. 

* NOTICES * 

Japan Patent Office is not responsible for any damages caused by the use of this 
translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the improvement in the engine 
performance of electromotive power-steering equipment which assists the force which 
helm actuation of a vehicle takes on the turning effort of an electric motor. 
[0002] 

[Description of the Prior Art] The electromotive power-steering equipment constituted 
so that the control force of the helm by the operator might be assisted using the turning 
effort of an electric motor (henceforth a "motor") as power-steering equipment of the 
vehicle used in order to assist a control force is known. 

[0003] The power- steering equipment which adopted the rack-and -pinion type 
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movement translator which changes movement into rectilinear motion as an example of 
this kind of electromotive power-steering equipment is shown in JP7-25311,B. 
[0004] Drawing 8 is the expanded sectional view of the conventional rack-and'pinion 
type movement translator. In this device, [ near / that / the end section ], pinion 
gear-tooth 86a is formed in the peripheral face of that edge, the flat section is formed in 
the direction of axial length, the flat section covers that overall length and, as for the 
pinion shaft 86, rack gear-tooth 81a is formed in the rack shaft 81. Rack gear- tooth 81a 
gears with pinion gear-tooth 86a, and changes rotation into rectilinear motion. As rack 
gear-tooth 81a becomes small in the location of the direction where a vehicle goes the 
gear ratio to pinion gear-tooth 86a straight on, a device which keeps a control force 
constant is made in spite of the comparatively small electric motor of a rotation output 
by forming a screw thread so that gear ratio may become large in the location where a 
rudder angle is large. 

[0005] The rack shaft 81 is pressed according to the energization force of the coil spring 
89 which contacts the end of the press member 80 within the member of a cartridge 
mostly in this rack-and-pinion type movement translator, and engagement with rack 
gear-tooth 81a and pinion gear-tooth 86a is maintained. While changing rotation of the 
pinion shaft 86 into the rectilinear motion to the direction of axial length of the rack 
shaft 81 by this engagement, the press member 80 slides on the peripheral face of the 
rack shaft 81. Therefore, with this structure, wear of a sliding surface is remarkable 
and the thrust (energization force) by the coil spring 89 is restricted. Therefore, in 
electromotive power steering like pinion assistant type electromotive power steering by 
which comparatively big torque joins a pinion shaft, required thrust is not obtained but 
it has the fault that allophones, such as a Rattle sound, will occur from the 
circumference of an engagement side of pinion gear-tooth 86a and rack gear-tooth 81a. 
[0006] Generally electromotive power-steering equipment has connected the revolving 
shaft of a helm, and the pinion shaft of a rack-and-pinion type movement translator 
with joint. There are electromotive power-steering equipment of the column type which 
has a motor and the moderation device of the motor in a helm side rather than said joint, 
and electromotive power-steering equipment of the pinion type which has a motor and 
the moderation device of the motor in a rack-and-pinion device side rather than said 
joint as electromotive power-steering equipment. 
[0007] 

[Problem(s) to be Solved by the Invention] The trouble that the size of a motor is limited 
by layout nature etc. when carrying out a high increase in power of the electromotive 
power-steering equipment, and the output of the motor is also limited arises. That this 
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trouble should be solved, the effectiveness of a mechanical system, especially a 
rack-and-pinion type movement translator is gathered, and the approach using the 
effectiveness of a motor is proposed effectively, as this approach, the technique (the 
following it rolls and is called formula rack-and-pinion movement translator".) 

using a roller pivotable as the pressure pad section which presses a rack shaft to a 
pinion shaft is invented in the rack-and-pinion type movement translator. When [this] it 
rolls, and a high load is applied between a rack shaft and a pinion shaft according to the 
formula rack-and-pinion movement translator, mechanical efficiency can be raised 
sharply. 

[0008] However, since a motor does not answer to the kickback from a road surface 
when it rolls and a formula rack-and-pinion movement translator, column type 
electromotive power-steering equipment, or pinion type electromotive power- steering 
equipment is combined, compared with other conventional electromotive power-steering 
equipments, an excessive load will be applied to a rack-and-pinion device. 
[0009] Furthermore, in this case, by a sliding surface rolling and coming out, since 
attenuation of the kickback force is bad compared with the conventional skid type for a 
certain reason, there is a problem of becoming easy to generate a Rattle sound. 
[00 10] Although other purposes which roll and introduce a formula rack-and-pinion 
movement translator in this case further again have improvement in the handle return 
property by frictional force reduction, and a feeling of an on-pin center, large, the 
problem that it is not obtained has effectiveness since it is larger than an improved part 
by the formula rack-and-pinion movement translator, to the extent that the effect of the 
frictional force of a motor rolls, and that purpose is attained. 

[00 11] This invention is made according to the above situations, it can prevent an 
excessive load generating the purpose of this invention in a rack-and-pinion movement 
translator, generating of a Rattle sound is suppressed, and it is in offering the 
electromotive power- steering equipment which can mitigate the effect of the frictional 
force of a motor. 
[0012] 

[Means for Solving the Problem] About electromotive power-steering equipment 
equipped with the rack-and-pinion type movement translator which changes rotation of 
a helm into rectilinear motion by engagement of a pinion shaft and a rack shaft, and the 
motor with which the control force of the helm by the operator is assisted, said 
rack-and-pinion type movement translator rolls, and this invention is a formula 
rack-and-pinion movement translator, and is attained by having inserted the elastic 
body into the device path from said pinion shaft to the output shaft of said motor. 
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[0013] Moreover, the above-mentioned purpose of this invention is equipped with the 
joint which connects the revolving shaft of said helm, and the pinion shaft of said 
rack-and-pinion type movement translator, and is more effectively attained by being 
power steering of the column type with which the moderation device of said motor and 
the motor concerned is arranged between said joint and said helms. 

[0014] Moreover, the above-mentioned purpose of this invention is equipped with the 
joint which connects the revolving shaft of said helm, and the pinion shaft of said 
rack-and-pinion type movement translator, and is more effectively attained by being 
power steering of the pinion type with which the moderation device of said motor and 
the motor concerned is arranged between said joint and the pinion shaft of said 
rack-and-pinion type movement translator. 

[0015] Moreover, the above-mentioned purpose of this invention is more effectively 
attained by inserting said elastic body into the device path from the output shaft of said 
motor to the moderation device of the motor concerned. 

[0016] Moreover, the above-mentioned purpose of this invention is more effectively 
attained by inserting said elastic body into the device of said joint. 

[0017] Moreover, the above-mentioned purpose of this invention is more effectively 
attained by having the control means which controls the motor concerned based on the 
current control value calculated from the steering auxiliary command value calculated 
with the operation means based on the steering torque generated in the revolving shaft 
of a helm, and the current value of said motor, and an auxiliary operation means 
differentiates the signal of said steering torque and add to said steering auxiliary 
command value. 
[0018] 

[Embodiment of the Invention] As shown in column type electromotive power-steering 
equipment or drawing 6 as shown in drawing 7 according to this invention, what, Since 
the elastic body which has absorption nature in the path to the motor 41 which serves 
as a driving source of power steering from the pinion shaft 6 of the rack-and-pinion 
movement translator 4 is inserted when it rolls and the formula rack-and-pinion 
movement translator 4 is used When the pinion shaft 6 can motion relatively to a motor 
41, it can prevent rolling and an excessive load occurring in the formula rack-and-pinion 
movement translator 4. 

[0019] The effectiveness of this invention can be acquired by inserting the elastic body 
with which both the types of pinion type electromotive power* steering equipment as 
shown in column type electromotive power-steering equipment and drawing 6 as shown 
in drawing 7 have absorption nature between the worm gears 3 which are the 
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moderation devices of a motor 41 and its motor 41. With column type electromotive 
power-steering equipment as shown in drawing 7, the effectiveness of this invention can 
be acquired by inserting the elastic body which has absorption nature in the joint 51 
which rolled with the revolving shaft of a worm gear 3, and has been arranged between 
the pinion shafts 6 of the formula rack-and-pinion movement translator 4. 
[0020] Moreover, since the insufficiency of the attenuation of the kickback force which it 
rolls and the formula rack-and-pinion movement translator 4 has by the attenuation 
which an elastic body with said absorption nature has is compensated according to this 
invention, generating of a Rattle sound can be prevented. 

[0021] By making an elastic body with absorption nature intervene between the 
moderation devices of a motor 41 and its motor 41 further again according to this 
invention Since relative rotation of the helm shaft which connects the revolving shaft 
and the pinion shaft 6 of a motor 41 in the elastic field of the elastic body is enabled For 
example, it also sets in the situation which the motor 41 has stopped according to the 
frictional force. The pinion shaft 6 is interlocked with, the helm shaft 31 becomes 
pivotable, and the effect of the frictional force of a motor 41 can be mitigated. The 
effectiveness of the technique which rolled and combined the formula rack-and-pinion 
movement translator 4, column type electromotive power-steering equipment, or pinion 
type electromotive power- steering equipment can be employed efficiently. 
[0022] According to this invention, the friction-compensation control using a 
torque-sensor signal further again That from which the effectiveness of the 
friction-compensation control was not acquired since road surface information will be 
blocked and the road surface information was not transmitted to a torque sensor by the 
rack-and-pinion movement translator 4 or the motor 41 with the conventional 
configuration According to the configuration of this invention, since road surface 
information is transmitted to a torque sensor, it becomes possible to compensate friction 
of a motor by friction-compensation control using a torque-sensor signal, and generating 
of the Rattle sound by a motor straddling can be controlled effectively. 
[0023] Hereafter, the gestalt of operation of this invention is explained to a detail with 
reference to a drawing. 

[0024] Drawing 1 is the front view showing the principal part of the pre-rotation rudder 
device containing the electromotive power* steering equipment concerning the operation 
gestalt of this invention. 

[0025] In drawing 1 , it is fixed to the condition of having turned the lower part ahead 
and having inclined in the predetermined location of the vehicle indoor section, and 
bearing of the rotation of the helm shaft 31 is made free to the circumference of an axial 
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center into the housing 32 of a cylindrical shape. In the upper limit section of the 
predetermined helm shaft 31 which carried out the die-length protrusion, the helm (not 
shown) has fixed from the upper part of housing 32. 

[0026] The rack shaft case 36 where it makes tubed [ which the rack-and-pinion type 
movement translator 4 made the longitudinal direction the longitudinal direction of a 
vehicle, and was attached decoratively almost horizontally in the engine room of vehicle 
anterior part ], Bearing is aslant carried out to the axial center of the rack shaft 13 to 
the rack shaft [ made this and an axial center mostly in agreement, and interpolation of 
the migration in the direction of axial length of was made free to this rack shaft case 
36 ] 13, and rack shaft case 36 interior, and it consists of pinion shaft 6 grades made to 
engage with the rack shaft 13. 

[0027] Drawing 2 is the sectional view in the electromotive power-steering equipment 
concerning the operation gestalt of this invention in which rolling and showing a 
formula rack- and -pinion type movement translator. 

[0028] In drawing 2 , the upper part is the input shaft 18 to which rotation of a helm is 
told through a universal joint 19 (refer to drawing 1 ) from the helm shaft 31 side, and 
the lower part of an input shaft 18 is equipped with the pinion shaft 6 in same axle 
rotatable. Moreover, the torque-sensor section 1 is arranged by the input shaft 18, and 
the duty which detects the load of a steering system and transmits the torque signal to 
ECU (the electric control section - not shown) is borne. 

[0029] If the current calculated and outputted based on the vehicle speed signal and the 
torque signal from ECU is impressed, an electric motor (un-illustrating) will rotate and 
the rotation will be transmitted to a worm 2. Warm 2 is arranged on the electric motor 
with which a control force is assisted, and the same axle. Furthermore, decelerate the 
turning effort of a worm 2 with the worm gear 3 (refer to drawing 3) which has fitted in 
on the pinion shaft 18, torque is made to expand, and rotation of the pinion shaft 6 is 
assisted. 

[0030] The bearing of the pinion shaft 6 is carried out to the interior of a gearbox 
through bearing 5 and 15. It is the configuration which pinion gear-tooth 6a is formed in 
the periphery of the pinion shaft 6, rack gear-tooth 13a of the rack shaft 13 which is a 
steering device gears to pinion gear-tooth 6a, and the variation rate of the rack shaft 13 
is made to carry out in the direction of axial length (the direction of a front flesh side of 
drawing 2 ), and finally gives a desired rudder angle to a steering wheel (not shown) 
through a tie rod 21 (refer to drawing 1 ). 

[0031] Apart of the edge of the rack shaft 13 serves as a semi-cylindrical shape in the 
cross section, and rack gear-tooth 13a is formed by the flat section 13b in the direction of 
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an axis of the rack shaft 13. When pinion gear-tooth 6a gears with rack gear-tooth 13a, 
rotation of the pinion shaft 6 is changed into the rectilinear motion of the rack shaft 13. 
In order to maintain this engagement relation, the pressure pad section 20 has given 
thrust to the engagement section through the rack shaft 13. Moreover, the device for 
pressing to the engagement section projects from a gearbox 4 in the direction of an axis 
of the pinion shaft 6, and the direction which intersects perpendicularly - it is mostly 
prepared in the housing 16 of a cylindrical shape. 

[0032] The pressure pad section 20 possesses a roller 10, a needle bearing 11, the pin 
shaft 12, and the bearing holder 14, and it is pressing the rack shaft 13 to the pinion 
shaft 6 by predetermined thrust so that engagement with pinion gear-tooth 6a and rack 
gear-tooth 13a may be maintained. The pressure pad section 20 positions the pin shaft 
12 in a predetermined location with the bearing holder 14, and has the composition that 
a roller 10 becomes rotatable around the pin shaft 12 with migration of the direction of 
an axis of the rack shaft 13. In addition, in this example, only a roller 10 carries out 
rubbing to peripheral face 13c of the rack shaft 13. Namely, the roller 10 rolls on the 
rack shaft 13. 

[0033] In the condition of having held the pressure pad section 20 in the housing 16 
interior, the bearing holder 14, the pin shaft 12, a needle bearing 11, and the pressure 
pad section 20 that consists of rollers 10 are movable in one in the direction of an axis in 
the inside of housing 16. 

[0034] Furthermore, the coil spring 9 which is an elastic member is arranged in housing 
16 in the rack shaft 13 and the opposite side of the pressure pad section 20. The end of 
the coil spring 9 which gives thrust to the pressure pad section 20 contacted the 
pressure pad section 20 (field of the bearing holder 14), and the other end is in contact 
with the adjusting screw 8 currently screwed in the edge of housing 16 with the locknut 
7. 

[0035] Therefore, the thrust given to the pressure pad section 20 by the coil spring 9 
which extends in the housing 16 interior can be adjusted by adjusting an adjusting 
screw 8 and making it move to shaft orientations. 

[0036] When it rolls, and a high load is applied between a rack shaft and a pinion shaft 
according to the rack-and-pinion type movement translator, mechanical efficiency can 
be raised sharply. 

[0037] Drawing 3 is the fragmentary sectional view showing the moderation device of 
the motor used as the driving source of power steering in the electromotive 
power-steering equipment concerning the operation gestalt of this invention, and its 
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motor. The descriptions of this operation gestalt are those both ends of warm 2, and a 
point which arranges the rubber 40 which is an elastic body between the warm bearing 
35 so that the worm 2 in the moderation device of a motor 41 may become movable to 
those warm shaft orientations. 

[0038] In the elastic region (movable range) of rubber 40, rotation of a worm gear 3 
serves as a variation rate of the shaft orientations of a worm until the torque generated 
in a worm 2 overcomes the frictional force and inertia of a motor 41, and rotation of the 
worm gear 3 interlocked with rotation of a motor 41 and the pinion shaft 6 does not 
interlock. That is, when a worm gear 3 receives the kickback from a road surface, a 
worm 2 is made to slide and it has structure which absorbs the impact of a kickback by 
rubber 40. 

[0039] According to such structure, in the movable range of the worm 2 by rubber 40, 
since it can miss to the hand of cut of the pinion shaft 6, without converging the 
kickback force on a motor 41, it can prevent a load focusing on a rack-and-pinion device. 
Moreover, since according to such structure it rolls and lack of the vibration-deadening 
operation which is the fault of a formula rack-and-pinion movement translator is 
compensated according to a vibration-deadening operation of rubber 40, generating of a 
Rattle sound can be prevented. 

[0040] Drawing 4 is other operation gestalten of this invention, and is the block diagram 
showing the control unit 40 which carries out friction-compensation control of a motor 
in electromotive power-steering equipment. 

[0041] The control unit 40 is adding the value which is proportional to the differential of 
a steering torque signal to the amount of assistance (steering auxiliary command value) 
for the purpose of the improvement in the torque control stability of a system the 
response disposition top of assistant torque in order to raise the responsibility of a 
control system. Thus, the signal which differentiated the amount of torque is added to 
the amount of assistance. Moreover, when steering torque is large and a handle returns 
that is, negative gain in case the steering angle theta decreases will be applied, a rapid 
reduction of the amount of assistance (steering auxiliary command value) will be 
prevented, and a small hysteresis characteristic will be given for a big hysteresis 
characteristic in the low torque region near the neutral point as a result in a high 
torque region. 

[0042] That is, a control unit 40 performs friction-compensation control based on the 
torque signal Tr which is a torque detection value in order to compensate the effect of 
fricative of a motor 41. This friction-compensation control makes quick responsibility of 
the torque control near [small] the pin center, large of steering torque, and acts in the 
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direction which suppresses torsion of the torsion bar spring which has detected torque 
few. On the other hand, friction of a motor 41 acts in the direction which increases 
torsion of a torsion bar spring. Therefore, if friction of a motor 41 is detectable as torsion 
of a torsion bar spring, it will become possible to carry out friction compensation by the 
friction-compensation control by the control unit 40. 

[0043] However, although friction compensation of it could be carried out to the input 
from a handle side since the torsion bar spring was arranged from the motor 41 at the 
handle side, to the input from road surfaces, such as a kickback, it is difficult to 
compensate and was not able to reduce the Rattle sound of the rack-and-pinion type 
movement translator 4 by friction-compensation control. 

[0044] However, in the elastic field of the rubber 40 which is an elastic body as shown in 
drawing 3, the input from a road surface can be detected by the torque sensor, and 
friction-compensation control becomes effective also to the input from a road surface. If 
the friction-compensation control by the control unit 40 works, it will once become 
possible to compensate friction of a motor 41 and to detect the input from a road surface 
by the torque sensor. That is, rubber 40 and friction- compensation control enable it to 
miss the kickback force from the rack-and-pinion type movement translator 4 to a 
handle side across the elastic region of rubber 40. Furthermore, by tuning up the 
friction-compensation control by the control unit 40, the Rattle sound of the 
rack-and-pinion type movement translator 4 is stopped, and the tuning which tells road 
surface information moderately to a helm is attained. 

[0045] Wherever it may arrange [ the location to the device have brought about friction 
or the inertia of a motor 41 from the moderation device of a motor 41 ] the rubber 40 
which is an elastic body as shown in drawing 3, it can obtain the effectiveness which 
prevents the thing which mentioned above, and which it rolls and an excessive load 
generates in a formula rack-and-pinion movement translator, the effectiveness which 
compensate the insufficiency of the attenuation of the kickback force which it rolls and a 
formula rack-and-pinion movement translator has, and prevent generating of a Rattle 
sound, and the effectiveness which mitigate the effect of the frictional force of a motor 
[0046] Drawing 5 is other operation gestalten of this invention, and is the front view 
showing the principal part of the pre-rotation rudder device containing electromotive 
power-steering equipment. With this operation gestalt, the rubber 40 which is an elastic 
body as shown in drawing 3 is arranged to the joint 51 which combines the pinion shaft 
6 of the rack-and-pinion movement translator 4, and the output shaft 50 of the 
moderation device of a motor 41. 
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[0047] 

[Effect of the Invention] Since according to this invention it rolled, it rolled in the 
electromotive power-steering equipment using a formula rack~and-pinion movement 
translator and the elastic body was inserted in the path from the pinion shaft of a 
formula rack-and-pinion movement translator to the output shaft of a motor, it can 
prevent rolling and an excessive load occurring in a formula rack-and-pinion movement 
translator, generating of a Rattle sound can be suppressed, and the electromotive 
power- steering equipment which can mitigate the effect of the frictional force of a motor 
can be offered. 
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